Introduction {#Sec1}
============

Health-related quality of life (HRQOL) refers to an individual's perception and subjective evaluation of their health and well-being within their unique cultural environment \[[@CR1]\]. Generic questionnaires for children and adolescents can be useful in identifying subgroups of children and adolescents who are at risk for health problems, and can assist in determining the burden of a particular disease or disability \[[@CR2]\]. Assessing the HRQoL of children and adolescents could also help to detect hidden morbidity and health care needs which are not identified using traditional medical indicators \[[@CR3], [@CR4]\]. Although it is important to obtain responses via self-reports whenever possible, this may not be practicable in very young children or children with developmental delay or mental retardation \[[@CR5]\]. In that case, HRQoL may only be ascertained via proxy (parent) reports.

The generic KIDSCREEN-52 HRQoL questionnaire \[[@CR6]\] was the first HRQoL instrument for children and adolescents and their parents, which was developed simultaneously in several different countries. It was tested in a large representative sample of children and adolescents \[[@CR7]\], thereby helping to provide a broad perspective on the understanding and interpretation of HRQoL across different countries.

A shorter version was then developed, which contained 27 items distributed in 5 dimensions \[[@CR8], [@CR9]\]. Both the KIDSCREEN-52 and the KIDSCREEN-27 were shown to meet the criteria of a properly defined concept to be measured, high reliability, good validity, meaningful interpretability, low burden, alternative means of administration (self-/proxy report, paper--pencil, computerized), and appropriate cultural adaptations as proposed by the Scientific Advisory Committee of the Medical Outcome Trust for the evaluation of Patient Reported Outcome (PRO) instruments \[[@CR10]\]. However, an even shorter HRQoL questionnaire would be useful in public health and clinical studies such as large-scaled population-based studies, routine monitoring and screening and would help to reduce response burden and save administration costs. Furthermore, summarizing scores into a single value can be useful for examining overall changes in HRQoL \[[@CR11], [@CR12]\] and is a prerequisite for certain type of health economic studies, where quality of life is to be combined with survival time, so-called quality-adjusted life years (QALYs). \[[@CR13]\] Summary score measures can be useful in cases where the association between an aspect like e.g., a particular health condition and the different QoL dimensions point into the same direction. It has been shown that in such a case a summary score can be more effective to assess the impact on QoL \[[@CR14]\].

In order to reduce the KIDSCREEN-27 to a short score (the KIDSCREEN-10), item response theory and differential item functioning techniques were used. The way in which the shorter version was developed and the results of analyzing the instrument's structural and cross-cultural validity are reported in a companion paper \[[@CR15]\]. The KIDSCREEN-10 consists of 10 items and provides a Rasch-scaled single score of HRQoL \[[@CR15], [@CR16]\]. Both self-report and proxy versions were developed. It was decided to use the KIDSCREEN-27 as a starting point for reduction to ensure that each shorter KIDSCREEN measure is encompassed in all longer versions.

The aim of this study was to analyze the psychometric properties of the KIDSCREEN-10 self-report and proxy versions, specifically their criterion, convergent, and known groups validity together with their reliability.

Methods {#Sec2}
=======

Subjects and settings {#Sec3}
---------------------

The current analyses are based on a pre-existing data set that was used to investigate the psychometric properties of the longer KIDSCREEN-52 and -27 measures \[[@CR6]--[@CR9]\]. The following 13 countries participated in the KIDSCREEN study: Austria (AT), Czech Republic (CZ), France (FR), Germany (DE), Greece (EL), Hungary (HU), Ireland (IE), Poland (PL), Spain (ES), Sweden (SE), Switzerland (CH), the Netherlands (NL), and the United Kingdom (UK). The target population for the KIDSCREEN study was children and adolescents aged 8--18 and their parents. Parent reports were not collected in Sweden and Ireland.

Three approaches to sample selection and administration were followed: (1) telephone sampling followed by mail survey (AT, CH, DE, ES, FR, and NL), (2) school sampling and administration (EL, HU, IE, and SE), or school sampling and mail administration (PL), and (3) multistage random sampling of communities and households (CZ). In the UK, a combination of telephone and school sampling methods was used. Information from parents was not collected in IE and SE. In 11 countries, a retest with a 2-week interval for all participants was performed in random selections of a total of 559 participants.

Fieldwork was carried out between May and September 2003 except in IE, where data were collected in 2005. All procedures were carried out following the data protection requirements of the European Parliament (Directive 95/46/EC of the European Parliament and of the Council of 24 October 1995 on the protection of individuals with regard to the processing of personal data and on the free movement of such data). Each country was asked to respect ethical and legal requirements in their country for this type of survey and to obtain signed informed consent from participants. A more detailed description of the KIDSCREEN sampling methods is provided elsewhere, together with a detailed analysis on sample representativeness based on Eurostat data \[[@CR17]\].

Measures {#Sec4}
--------

Children and adolescents filled in a number of HRQOL and other questionnaires in order to be able to assess the psychometric properties of the KIDSCREEN-10. The comprehensive study questionnaire was completed in a single administration. Overall, children had to answer 170 items whereas adolescents and parents had to respond to 200 and 210 items, respectively.

### KIDSCREEN-10 {#Sec5}

The KIDSCREEN-10 score contains 10 items. Each item is answered on a 5-point response scale. The KIDSCREEN-10 Item statements are: (1) Have you felt fit and well? (2) Have you felt full of energy? (3) Have you felt sad? (4) Have you felt lonely? (5) Have you had enough time for yourself? (6) Have you been able to do the things that you want to do in your free time? (7) Have your parent(s) treated you fairly? (8) Have you had fun with your friends? (9) Have you got on well at school? (10) Have you been able to pay attention? Answer categories item 1 and 9: not at all---slightly---moderately---very-extremely. All other items: never---seldom---quite often---very often---always. Items 1 and 2 explore the level of the child's/adolescent's physical activity, energy and fitness. Items 3 and 4 cover how much the child/adolescent experiences depressive moods and emotions and stressful feelings. Items 5 and 6 ask about the child's opportunities to structure and enjoy his/her social and leisure time and participation in social activities. Item 7 explores the quality of the interaction between child/adolescent and parent or carer and the child's/adolescent's feelings toward their parents/carers. Item 8 examines the nature of the child's/adolescent's relationships with other children/adolescents. Finally, items 9 and 10 explore the child's/adolescent's perception of his/her cognitive capacity and satisfaction with school performance. Responses were coded so that higher values indicate better HRQoL; they were then summed and Rasch person parameters (PP) were assigned to each possible sum score. The PPs were transformed into values with a mean of 50 and a standard deviation (SD) of approximately 10 \[[@CR7]\]. A low score indicates a poor HRQOL, and a high score is indicative of a better HRQOL. Both the KIDSCREEN-10 self and proxy report versions were tested in the present study. The proxy report version uses the same items as the self-report version but from a proxy perspective. E.g., the self-report item "Have you felt full of energy?" is mirrored by the proxy report item "Has your child felt full of energy?".

### KIDSCREEN-27 {#Sec6}

The KIDSCREEN-27 is the middle version of the family of KIDSCREEN measures. It consists of 27 items measuring Physical Well-being, Psychological Well-being, Autonomy and Parent Relations, Peers and Social Support, and School Environment. Interscale correlation range from 0.36 to 0.59 (0.33--0.57) for the self-report (proxy report) \[[@CR7]\].

### KIDSCREEN-52 {#Sec7}

The KIDSCREEN-52 is the long version of the family of KIDSCREEN measures. It consists of 52 items measuring Physical Well-being, Psychological Well-being, Moods and Emotions, Self-Perception, Autonomy, Parent Relation and Home Life, Financial Resources, Peers and Social Support, School Environment and Being Bullied. Moderate to high correlation was expected with all KIDSCREEN-52 dimensions except Financial Resources and Being Bullied. Interscale correlation range from 0.30 to 0.62 (0.27--0.61) for the self-report (proxy report). However, the self-report (proxy report) scales Being Bullied and Financial correlated only 0.10--0.40 (0.08--0.37) with the other scales \[[@CR6], [@CR7]\].

The KIDSCREEN-52, -27 and -10 measures are designed for children and adolescents aged 8--18 for both child and parent proxy report.

### PedsQL {#Sec8}

The Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic child self-reported Core Scales \[[@CR18]\] consist of 23 items measuring Physical, Emotional, Social, and School dimensions of HRQoL. The PedsQL was completed by the samples in UK and IE. Moderate to high correlations were expected for KIDSCREEN-10 with PedsQL Psychosocial summary and Total.

### CHIP-AE {#Sec9}

The Child Health and Illness Profile-Adolescent Edition (CHIP-AE) satisfaction domain is a generic measure of satisfaction with health \[[@CR19]\] and was administered to adolescents aged 12 years or older in all countries. A moderate to high correlation was expected between KIDSCREEN-10 and the CHIP-AE Satisfaction domain.

### YQOL-S {#Sec10}

The Youth Quality of Life Instrument-Surveillance Version (YQOL-S) is a 13-item generic quality of life (QoL) questionnaire, which provides an overall score of self-perceived QOL \[[@CR20], [@CR21]\]. The YQOL-S was completed by adolescents aged 12 years and older in all countries. A moderate to high correlation was expected between the KIDSCREEN-10 and YQOL-S Perceptual scale.

### HBSC-SCL {#Sec11}

The Health Behavior in School-Aged Children (HBSC) Symptom Checklist is a brief screening instrument that asks children and adolescents about the frequency of occurrence of symptoms like headache, stomachache, irritability/bad temper, feeling nervous, etc. \[[@CR22]\]. An index score was calculated. All participating countries except IE included the symptom checklist. A moderate to high correlation was expected for KIDSCREEN-10 with the HBSC Symptom Checklist.

### CSHCN {#Sec12}

The Children with Special Health Care Needs Screener (CSHCN) \[[@CR23], [@CR24]\] was included in all participating countries except IE and SE as a measure of physical and general chronic health status. The CSHCN contains five question sequences which address the use or need of prescribed medication; medical, mental health, or educational services; specialized therapies; functional limitations and treatment or counseling for emotional or developmental problems. The items were completed by parents. Responders were classified into cases with and without special health care needs. It was expected that children with special health care needs would score lower on the KIDSCREEN-10. A medium to large effect size was expected for this mean difference \[[@CR6]--[@CR8]\].

### SDQ {#Sec13}

The Strength and Difficulties Questionnaire (SDQ) is a brief screening questionnaire that asks about children's and teenagers' symptoms and positive attitudes \[[@CR25]\]. The SDQ asks about positive or negative attributes in 20 items regarding emotional symptoms, conduct problems, hyperactivity/inattention and peer relationship problems. A total difficulties score is generated. Using cut-off values provided by the developer of the SDQ \[[@CR26]\], children and adolescents were classified as normal, borderline and abnormal. The SDQ was completed by parents. The SDQ was not included in IE and SE. It was expected that children with mental health problems would score lower on the KIDSCREEN-10. A medium to large effect size was expected for this mean difference \[[@CR6]--[@CR8]\].

### FAS {#Sec14}

The Family Affluence Scale (FAS), a socioeconomic indicator to be filled in by children, includes family car ownership, having own unshared room, the number of computers at home, and times the child spent on holidays in the past 12 months. The cross-cultural validity of the FAS has been shown in multinational surveys across 27 and 35 countries \[[@CR27]\]. The FAS was collected in eight categories ranging from 0 to 7, which were recoded into 3 groups in the analysis (low \[0--3\], intermediate \[4--5\], and high \[6--7\] FAS level). It was expected that children with low familial affluence score lower on the KIDSCREEN-10 than their peers with high familial affluence. A small to medium effect size was expected for this mean difference \[[@CR6]--[@CR8]\].

### Socio-demographics {#Sec15}

Children and adolescents were asked about their age and gender. For the analyses, children aged 8--11 were compared with adolescents (12--18 years). We expected adolescents to report lower HRQoL than children and we expected girls to display lower HRQoL than boys. Small between-group effect sizes were expected. Respondents' country membership was recorded. We expected cross-national variation in the average population health level assessed by the KIDSCREEN. A medium effect size was expected \[[@CR6]--[@CR8]\].

The KIDSCREEN-10, -27, -52, and the SDQ were applied in their child self-report version and their parent proxy report versions. The PedsQL, CHIP-AE, YQOL-S, HBSC-SCL, and the FAS were applied as child self-report measures. The CSHCN was applied in its parent proxy report version.

Statistical analysis {#Sec16}
--------------------

All analyses were conducted using the whole sample, and some analyses were repeated after stratifying by age (8--11 years and 12--18 years).

### Reliability {#Sec17}

The items of the KIDSCREEN-10 should be answered in a consistent manner as a basis for precise and reliable measurement. Internal consistency of item responses was assessed using the Cronbach's alpha coefficient. Values greater than 0.7 were considered as acceptable for group comparisons \[[@CR28]\]. Reliability was also assessed by testing if repeated measurement (2 weeks later) lead to stable measurement results. Test--retest reliability was assessed with the intra class correlation coefficient (ICC). ICCs of 0.7 or higher were considered as acceptable.

### Criterion validity {#Sec18}

Criterion validity was assessed by determining the degree of Pearson correlation between the KIDSCREEN-10 and the original KIDSCREEN-52. Coefficients exceeding *r* = 0.7 were considered satisfactory \[[@CR29]\]. As the KIDSCREEN-52 does not provide an overall score of HRQoL, a principal component analysis was conducted on the KIDSCREEN-52 dimension and a general factor was extracted. The general factor scores were treated as a substitute for a gold standard against that the KIDSCREEN-10 was correlated.

### Convergent validity {#Sec19}

It is important to study whether the KIDSCREEN scores are associated with measures assessing similar concepts or aspects that are related to the HRQoL construct to be measured. Such correlations indicate the "construct" validity of the KIDSCREEN-10 measurement. To analyze convergent validity, Pearson correlation coefficients between KIDSCREEN-10 scores and scores on other instruments were computed. Convergent validity was considered to be demonstrated when correlations with dimensions with a similar content to that of the KIDSCREEN-10 were moderate or high. Following the suggestions of \[[@CR28]\] and \[[@CR29]\], correlation coefficients between 0.1 and 0.3 were considered low, those from 0.31 to 0.5 moderate, and those exceeding 0.5 were considered large---while at the same time acknowledging that from the viewpoint of statistical prediction coefficients of *r* = 0.6 or 0.7 would be favorable. Validity coefficients were compared with the highest validity coefficient from any KIDSCREEN-27 scale.

### Known groups validity {#Sec20}

Construct validity was further evaluated by empirically testing previously developed hypotheses regarding differences between groups: Differences in HRQoL were a priori expected between healthy and physically or mentally ill children and adolescents, between respondents with high versus low familial socioeconomic status as well as between age and gender groups \[[@CR31]\]. These hypotheses had been mentioned in the above chapter "measures". Between-group differences were assessed using Cohen's "d" as a measure of effect size (ES), by dividing the difference between the adjusted means by the overall standard deviation. Effect sizes of 0.2--0.5 were considered small; those between 0.51 and 0.8 moderate, and those over 0.8 were considered large \[[@CR30]\]. A multiple analysis of covariance based on the general linear model was performed adjusted for age, gender, and country, which were included as covariates. Effect size measures were compared with the highest validity coefficients issued from any KIDSCREEN-27 scale.

Cases with missing data on any of the variables involved in a particular analysis were left out of that analysis. The tables contain detailed information about the number of subjects in each analysis.

Results {#Sec21}
=======

Sample characteristics {#Sec22}
----------------------

The final sample included 22,830 children and adolescents and the responses of 16,237 parents. The overall response rate was 68.9% and varied across countries, from 24.2 to 91.2% according to the sampling approach taken with higher response rates of children and parents in school samples. Data on the target child's and the parents' perceived health, together with data on parents' marital and educational status, and place of residence were collected from parents who refused to participate. These data were compared with similar data from participants. Statistically significant differences were observed between the two groups on some variables. However, the magnitudes of the differences were small---e.g., 90.6% of the responders and 86.2% of the refuses rated their child's health as good, very good, or excellent; 23.5% of the responders and 37.5% of the refuses had a low educational level. The results are reported in detail elsewhere \[[@CR17]\]. Table [1](#Tab1){ref-type="table"} shows the socio-demographic characteristics of the sample, overall and by country. The child and adolescent samples were in general similar across all participating countries. The most notable differences between countries occurred in socioeconomic status (FAS) with, for example, 45.5% of the Czech Republic child sample reporting low FAS compared to only 7.5% of the French sample. Table [2](#Tab2){ref-type="table"} shows the socio-demographic characteristics of the parent sample, overall and by country. Again notable differences between countries in socioeconomic status occurred. Besides the lack of parents data from IE and SE, and a generally lower response rate the distribution of age, gender, and SES was quite similar in both the parents and the children samples.Table 1Response rate and socio-demographic characteristics of the KIDSCREEN sample (children self-reports)Country\*TotalATCHCZDEESFRGRHUIENLPLSEUKResponse rate %68.935.340.271.540.624.226.472.090.082.568.059.691.242.4*N* (valid cases) children22,8301,4751,7011,5921,7238761,0491,1743,2371,2401,8851,7153,2831,877Children (8--11) Mean age years (SD)9.7 (1.1)9.7 (1.1)9.8 (1.0)9.6 (1.0)9.7 (1.1)9.7 (1.1)9.5 (1.1)--9.5 (1.1)10.4 (0.7)9.6 (1.1)9.9 (1.0)--9.5 (1.0) Female (%)51.353.552.450.550.046.150.3--55.252.649.353.3--47.3 Socioeconomic status\*\*  Low FAS (%)20.014.410.949.510.117.77.5--26.718.211.235.7--11.2  Medium FAS (%)45.449.244.741.646.547.644.4--47.248.949.048.8--36.7  High FAS (%)34.636.444.48.943.434.748.1--26.132.939.915.5--52.2Adolescents (12--18) Mean age years (SD)14.4 (1.7)14.5 (1.8)14.5 (1.8)14.9 (1.9)14.6 (1.9)14.7 (1.9)14.6 (1.9)14.6 (1.7)14.6 (1.8)14.6 (1.4)14.6 (1.8)14.8 (1.9)13.7 (1.0)14.1 (1.6) Female (%)53.853.954.248.952.050.852.859.760.862.252.255.549.049.7 Socioeconomic status\*\*  Low FAS (%)23.314.111.348.912.521.79.037.332.314.49.439.1--14.2  Medium FAS (%)46.550.247.141.449.351.344.045.146.544.449.248.0--41.0  High FAS (%)30.335.741.79.738.227.047.017.621.241.241.412.9--44.8\* Countries: AT = Austria, CH = Switzerland, CZ = Czech Republic, DE = Germany, ES = Spain, FR = France, GR = Greece, HU = Hungry, IE = Ireland, NL = Netherlands, PL = Poland, SE = Sweden, UK = United Kingdom\*\* *FAS* Family affluence scale (0--3 = low; 4--5 = medium; 6--7 = high)Table 2Response rate and socio-demographic characteristics of the KIDSCREEN sample: characteristics of parents and of children and adolescents where parent reports are availableCountry\*TotalATCHCZDEESFRGRHUNLPLUKResponse rate parents %43.034.440.171.540.624.225.671.854.566.758.028.2*N* (valid cases) parents16,2371,4361,6951,5921,7228761,0171,1711,9591,8501,6701,249Parents Mean age years (SD)41.7 (6.0)41.5 (5.9)43.4 (5.5)39.3 (6.19)42.2 (5.7)42.4 (5.5)42.1 (6.0)42.5 (5.8)39.6 (6.1)43.5 (5.0)41.2 (6.4)42.7 (5.9) Mother (%)80.184.682.449.682.677.381.775.986.683.589.284.8 Father (%)18.714.816.548.616.221.516.823.511.615.810.014.5 Other (%)1.20.61.11.81.21.21.50.60.80.70.80.7Children with parent reports (8--11) Mean age years (SD)9.6 (1.1)9.7 (1.1)9.9 (1.1)9.6 (1.1)9.7 (1.1)9.7 (1.1)9.5 (1.1)--9.4 (1.1)9.6 (1.1)9.9 (1.0)9.5 (1.0) Female (%)51.353.652.450.549.946.149.7--57.149.252.747.8 Socioeconomic status\*\*  Low FAS (%)19.614.610.849.510.117.77.2--27.411.035.58.2  Medium FAS (%)45.649.744.541.646.447.744.6--47.849.248.936.8  High FAS (%)34.835.744.78.943.534.548.3--24.939.915.655.1Adolescents with parent reports (12--18) Mean age years (SD)14.7 (1.8)14.5 (1.8)14.5 (1.8)14.9 (1.9)14.6 (1.9)14.7 (1.9)14.6 (1.9)14.6 (1.7)14.7 (1.8)14.6 (1.8)14.8 (1.9)14.3 (1.8) Female (%)54.353.754.048.952.051.252.359.664.251.955.347.6 Socioeconomic status\*\*  Low FAS (%)23.713.611.448.912.621.78.937.234.49.438.99.9  Medium FAS (%)46.750.247.041.449.251.343.645.346.148.948.439.1  High FAS (%)29.636.141.79.738.227.047.517.519.441.612.751.0

About 4.4% of the respondents had left one or more items of the KIDSCREEN-10 unanswered. The number of missing values in the KIDSCREEN-52 scales ranged from 2.6% (2.1%) to 4.0% (4.0%) for the self- (proxy) report version. The highest number of missing values was seen for the PedsQL scales (6.0--8.3%). The number of missing values for the other scales ranged from 1.0 (CHIP) to 6.9 (HBSC-SCL).

Internal consistency reliability and test--retest reliability and criterion validity {#Sec23}
------------------------------------------------------------------------------------

On average, respondents needed 3--5 min to fill in the KIDSCREEN-10. Table [3](#Tab3){ref-type="table"} shows results on the criterion validity of the KIDSCREEN-10 for the overall sample. Correlations between the KIDSCREEN-10 self-report and parent report versions and scales of the KIDSCREEN-52 ranged from 0.24 to 0.72 and 0.27 to 0.72. Correlations between the KIDSCREEN-10 and the KIDSCREEN-52 Financial Resources and Being Bullied dimensions were below 0.7. The KIDSCREEN-10 self-report version correlated 0.91 with the ad hoc calculated general factor scores of the KIDSCREEN-52 self-report version. For the proxy report version, the same correlation of *r* = .91 was seen. Regarding reliability, Cronbach's alpha was 0.82 for the KIDSCREEN-10 self-report (8--11-year olds: 0.79; 12--18-year olds: 0.81) and 0.78 for the proxy report (8--11-year olds: 0.78; 12--18-year olds: 0.78). All Cronbach alpha results met the a priori defined criteria of alpha = 0.7. Test--retest ICC in the overall sample was 0.70 for the self-report (8--11-year olds: 0.64; 12--18-year olds: 0.69) and 0.67 for the parent report (8--11-year olds: 0.64; 12--18-year olds: 0.66). Only the ICC for the self-report in the overall sample met the a priori criteria of ICC = 0.7. The correlation between KIDSCREEN-10 self and parent proxy reports was *r* = 0.54 (8--11-year olds: 0.50; 12--18-year olds: 0.54). In comparison, correlations between corresponding KIDSCREEN-27 self- and proxy scores ranged from *r* = 0.45 to *r* = 0.61.Table 3Cronbach alpha and test--retest ICCs of the KIDSCREEN-10 and correlation of the KIDSCREEN-10 with the KIDSCREEN-27 scalesKIDSCREEN-10 Self-reportKIDSCREEN-10 Parent proxy report(8--18 years)(8--11 years)(12--18 years)(8--18 years)(8--11 years)(12--18 years)Cronbach Alpha0.820.790.810.780.780.78Test--retest ICC0.700.640.690.670.640.66Correlation with KIDSCREEN-27 self-report dimension*r* (8--18 years)*r* (8--11 years)*r* (12--18 years)Correlation with KIDSCREEN-27 proxy-report dimension*r* (8--18 years)*r* (8--11 years)*r* (12--18 years)Physical well-being0.670.630.66Physical well-being0.650.620.64Psychological well-being0.720.680.72Psychological well-being0.720.690.72Moods and emotions0.710.660.72Moods and emotions0.640.630.64Self-perception0.610.550.59Self-perception0.550.530.55Autonomy0.700.700.70Autonomy0.640.650.64Parent relation and home life0.670.660.67Parent relation and home life0.690.690.68Financial resources0.420.450.44Financial resources0.410.380.43Social support & peers0.540.570.53Social support & peers0.600.630.59School environment0.690.670.67School environment0.660.660.65Being bullied0.240.340.26Being bullied0.270.330.27

Construct validity {#Sec24}
------------------

### Convergent validity {#Sec25}

Table [4](#Tab4){ref-type="table"} shows the results of analyzing convergent validity. The KIDSCREEN-10 self-report displayed moderate to high correlations in the expected direction with the self-report PedsQL scales and summary measure (0.57), the CHIP satisfaction scale (0.63), and the YQOL-S perceptual scale (0.61). Correlations between self-report scores on the KIDSCREEN-10 and parent scores on the CHQ were lower, ranging from 0.13 to 0.35, indicating small to moderate effects.Table 4Convergent validity. Pearson correlation coefficients of the KIDSCREEN-10 and other HRQoL/Health status instrumentsMeasuresKIDSCREEN-10 self-reportKIDSCREEN-10 parent proxy-report*r* (8--18 years)*r* (8--11 years)*r* (12--18 years)*r* (8--18 years)*r* (8--11 years)*r* (12--18 years)PedsQL Physical functioning0.40 (0.44)0.41 (0.42)0.42 (0.46)0.22 (0.29)0.19 (0.24)0.28 (0.38) Emotional functioning0.50 (0.54)0.46 (0.49)0.53 (0.57)0.23 (0.25)0.14 (0.14)0.33 (0.37) Social functioning0.43 (0.44)0.48 (0.48)0.42 (0.43)0.25 (0.24)0.23 (0.20)0.28 (0.29) School functioning0.44 (0.48)0.43 (0.43)0.43 (0.48)0.23 (0.30)0.17 (0.18)0.28 (0.40) Psychosocial summary0.57 (0.56)0.56 (0.56)0.58 (0.56)0.30 (0.28)0.22 (0.19)0.38 (0.37) Total0.57 (0.55)0.56 (0.55)0.58 (0.55)0.30 (0.31)0.23 (0.22)0.38 (0.41)CHIP satisfaction domain0.63 (0.62)0.58 (0.55)0.63 (0.62)0.43 (0.49)0.38 (0.42)0.43 (0.49)YQOL-S perceptual scale0.60 (0.63)0.54 (0.53)0.61 (0.63)0.40 (0.43)0.33 (0.30)0.40 (0.43)HBSC psychosomatic complaints checklist−0.52 (−0.52)−0.43 (−0.44)−0.54 (−0.54)−0.36 (−0.35)−0.31 (−0.30)−0.36 (−0.33)Values in brackets indicate the largest coefficients obtained from any of the original KIDSCREEN-27 scales; All correlation coefficients were statistically significant with an alpha of *P* \< .01; The PedsQL was applied in the United Kingdom and Ireland only. The CHIP and the YQOL-S were not applied in Ireland and Sweden; The SDQ was not applied in Ireland. The other measures were applied in all 13 countriesThe PedsQL, CHIP, YQOL-S and the HBSC Psychosomatic Complaints Checklist were applied as children self-reportsThe *n*'s for the correlation with the KIDSCREEN-10 self-report version were PedsQL = 2,787--2,735 (all); 1,042--1,021 (8--11 years); CHIP = 11,389 (all); 706 (8--11 years); 10,683 (12--18 years); YQOL-S = 10,478 (all); 673 (8--11 years); 9,805 (12--18 years); HBSC Psychosomatic Complaints Checklist = 20,325 (all); 6,116 (8--11 years); 14,209 (12--18 years)The *n*'s for the correlation with the KIDSCREEN-10 parent-report version were PedsQL = 1,033--1,012 (all); 559--549 (8--11 years); 474--463 (12--18 years); CHIP = 9,714 (all); 480 (8--11 years); 9,234 (12--18 years); CHIP = 9,714 (all); 480 (8--11 years); 9,234 (12--18 years); YQOL-S = 8,851 (all); 450 (8--11 years); 8,401 (12--18 years); HBSC Psychosomatic Complaints Checklist = 15,133 (all); 5,413 (8--11 years); 9,720 (12--18 years)

The KIDSCREEN-10 parent report showed low to moderate correlations with the self-reported PedsQL scales and summary measure (0.30), CHIP satisfaction scale (0.43) and YQOL-S perceptual scale (0.40). For the parent reported CHQ, correlations between 0.19 and 0.55 were observed. Moderate to large correlations (*r* = 0.52 and 0.36) were observed between the child self-report HBSC psychosomatic complaints checklist and the KIDSCREEN-10 self-report and parent report.

The KIDSCREEN-10 for some validation aspects achieved slightly lower validity coefficients compared to the largest coefficients issued from any of the original KIDSCREEN-27 scales.

### Known groups validity {#Sec26}

Table [5](#Tab5){ref-type="table"} shows the differences in KIDSCREEN-10 scores by physical and mental health status. Statistically significant differences between healthy and ill children on the CSHCN Screener instrument were found on the KIDSCREEN-10 score. The effect size was small ("*d*" = 0.32) for the self-report version and moderate ("*d*" = 0.52) for the parent report version.Table 5Differences in KIDSCREEN-10 scores by chronic health conditions, mental health status, and socioeconomic statusAge group (years)KIDSCREEN-10 self-reportKIDSCREEN-10 proxy-reportMean *T*-scoreSDEffect size^a,b^Mean *T*-scoreSDEffect size^a,b^8--188--1112--188--188--1112--18CSHCN^1^ No condition^1^50.5210.010.32 (0.43)0.36 (0.42)0.32 (0.45)50.569.910.52 (0.62)0.55 (0.60)0.51 (0.66) Some conditions^2^47.319.1845.409.37SDQ Children Normal^3^49.749.001.06 (1.12)1.21 (1.26)1.06 (1.11)50.039.860.76 (0.80)0.72 (0.72)0.77 (0.80) Borderline^4^41.966.6743.668.48 Abnormal^5^40.088.3742.488.79SDQ Parents^3^ Normal^6^51.009.910.67 (0.69)0.74 (0.76)0.68 (0.67)51.269.691.04 (1.18)1.10 (1.21)1.04 (1.17) Borderline^7^45.738.6043.538.04 Abnormal^8^44.178.6040.708.09FAS Low^9^47.619.270.42 (0.49)0.31 (0.40)0.46 (0.54)48.4310.020.27 (0.40)0.16 (0.33)0.31 (0.44) Medium^10^49.989.8750.349.91 High^11^50.9810.1550.709.95Comparison of effect sizes with those issued from the "most valid" KIDSCREEN-27 scale (in brackets)Values in squared brackets indicate the largest effect size issued from the original KIDSCREEN-27; All mean differences are statistically significant at \<.01 level; Multivariate analysis included age and gender. Means included in the table are adjusted for age, gender, and countryThe CSHCN was answered by the parents only; The SDQ was answered by the children themselves (SDQ children) and their parents (SDQ parents); the FAS was answered by the children themselves only^a^Effect size is calculated dividing the adjusted means difference by the overall standard deviation^b^Effect sizes for the SDQ and FAS are for comparisons between the highest and lowest categories^1^*n* = 13,428 (13,387 for cross-tabulation with proxy report)^2^*n* = 1,695 (1,702 for cross-tabulation with proxy report)^3^*n* = 11,537 (7,597 cross-tabulation with proxy report)^4^*n* = 1,342 (867 cross-tabulation with proxy report)^5^*n* = 711 (434 cross-tabulation with proxy report)^6^*n* = 13,131 (13,115 cross-tabulation with proxy report)^7^*n* = 1,001 (1,003 cross-tabulation with proxy report)^8^*n* = 1,059 (1,074 cross-tabulation with proxy report)^9^*n* = 4,071 (3,370 cross-tabulation with proxy report)^10^*n* = 8,469 (6,953 cross-tabulation with proxy report)^11^*n* = 5,815 (4,753 cross-tabulation with proxy report)

Respondents categorized as healthy/normal on the SDQ had statistically significant higher scores on the KIDSCREEN-10 than those classified as probable cases. Effect sizes between these two groups on the KIDSCREEN-10 were large ("*d*" = 1.06 for children and "*d*" = 1.04 for parents) when informants (i.e., child or parent) on both instruments were the same. ES were smaller when different informants were used on the different measures ("*d*" between 0.67 and 0.76). Table [5](#Tab5){ref-type="table"} also shows mean *T*-values for the KIDSCREEN-10 score stratified by FAS. The higher the FAS category, the higher the scores on the KIDSCREEN-10. Effect sizes between those in high and low FAS categories were 0.42 for the self-report and 0.27 for the parent-report version of the KIDSCREEN-10.

The KIDSCREEN-10 on average achieved slightly lower effect size measures (validity coefficients) compared to the largest coefficients issued from any of the original KIDSCREEN-27 scales (Table [5](#Tab5){ref-type="table"}).

Table [6](#Tab6){ref-type="table"} shows that children aged 8--11 scored higher than adolescents aged 12--18 on the KIDSCREEN-10 self-report and parent report version. This effect was especially large for the self-report version ("*d*" = 0.64 vs. 0.33). Sizeable differences in mean KIDSCREEN-10 scores were found between countries. Using the self-report version, the highest scores were observed in the Netherlands (53.9) and Austria (53.1) and the lowest values in France (46.8) and Poland (46.8). Using the parent report, Netherlands (53.8) and Spain (53.5) had the highest values and the United Kingdom (44.6) and Poland (45.8) had the lowest values.Table 6Differences in KIDSCREEN-10 scores by age group and genderKIDSCREEN-10 self-reportKIDSCREEN-10 proxy-reportMean *T*-scoreSDEffect size^6^Mean *T*-scoreSDEffect size^6^8--18 years8--11 years12--18 years8--18 years8--11 years12--18 yearsAge 8--11 years^1^54.4010.670.6452.129.830.33 12--18 years^2^47.979.1648.799.91Gender Girls^3^49.029.900.190.010.2849.8310.140.030.08^a^0.09 Boys^4^50.909.9250.179.83Countries^5^ Germany51.959.550.270.290.2951.529.020.290.280.31 Spain52.6510.9553.5710.40 Netherlands53.8810.4053.8110.28 Austria53.0510.3652.639.74 France46.809.0448.469.64 United Kingdom47.559.7544.669.12 Switzerland52.759.2452.078.95 Hungary47.9510.3348.8610.79 Greece^7^47.497.8948.209.57 Czech Republic47.428.1048.939.12 Ireland48.929.24 Poland46.828.7345.888.58 Sweden^7^51.9510.12All mean differences are statistically significant at *P* \< .01 level^a^Reversed direction of difference: girls achieve higher scores than boys^1^*n* = 6,540 (5,522) self- (proxy-)report^2^*n* = 15,279 (9,816) self- (proxy-)report^3^*n* = 11,599 (8,172) self- (proxy-)report^4^*n* = 10,220 (7,166) self- (proxy-)report^5^Country means are adjusted for age and gender^6^Effect size measure f\* (0.1 = small; 0.25 = medium; 0.4 = large)^7^Only adolescents surveyed

Discussion {#Sec27}
==========

This study reports on the internal consistency, test--retest reliability, criterion, and construct validity of the KIDSCREEN-10 score, a new short version of the KIDSCREEN-27/52 health-related quality of life questionnaire. The KIDSCREEN-52 and -27 HRQoL questionnaires were the first instruments for children and adolescents to be developed simultaneously in several countries and tested in a large representative, multinational sample of children and adolescents. This method ensures that different perspectives are taken into account during instrument development, avoid the imposition of possible cultural biases regarding instrument content, and permit valid cross-cultural comparisons. Moreover, it guarantees that the content will be important and relevant for the different cultures involved in the development of the measure \[[@CR5], [@CR7]\]. The KIDSCREEN-10 provides many of the advantages of the longer instruments but is easier to administer, to score, and to analyze. However, the assessment of HRQoL through one single value let to the loss of validity regarding some aspects. The loss of information relating to some physical and psychosocial aspects should be borne in mind when deciding which KIDSCREEN version to apply.

Correlations under 0.70 for most of the KIDCREEN-52 dimensions indicate that these are not quite as well represented by the new short KIDSCREEN score. On the other hand, correlation of 0.91 between the KIDSCREEN-10 and the ad hoc calculated general factor scores of the KIDSCREEN-52 showed that a common general HRQOL factor underlying the responses in the single KIDSCREEN-52 dimensions is well-represented.

In addition to the results presented here, previous analysis had shown that the instrument had good psychometric properties based on the Rasch model and analysis performed on differential item functioning \[[@CR15]\]. Our psychometric analyses confirmed good internal consistency, permitting group comparison with even small sample sizes. Test--retest ICC coefficients were slightly lower than the a priori defined threshold of 0.7. This might be attributable to the 2-week test--retest interval that exceeds the 1-week timeframe of the KIDSCREEN items. Nevertheless, this shortcoming could e.g., reduce the sensitivity to change of the KIDSCREEN-10 in longitudinal studies with small samples. Further research is required to examine the stability of KIDSCREEN-10 scores over time as well as responsiveness to change.

In the present study, convergent and discriminant validity were indicated by the pattern of association between the KIDSCREEN-10 and scales from other generic HRQoL instruments. Correlations were generally highest with measures of mental health and psychological well-being and summary measures, indicating that both the KIDSCREEN-10 self and proxy report may be more focused on aspects of HRQoL related to mental health. The likelihood that the KIDSCREEN-10 is more focused on mental health is also borne out by the fact that the highest effect sizes were seen when the KIDSCREEN-10 was used to discriminate between respondents with poor and good mental health.

The factorial validity of the KIDSCREEN-10 was examined in another paper \[[@CR15]\]: Results of confirmatory factor analysis (residual correlation ≤0.25) and Rasch IRT analysis (Infit msq = 0.72--1.10) indicated a good fit of the 1-factorial unidimensional measurement model of the KIDSCREEN-10. Seemingly that unidimensional latent trait is more defined by mental HRQoL aspects and not by physical ones. Nevertheless, the KIDSCREEN-10 also discriminated well between children when they were classified using measures related to physical health.

The correlations between KIDSCREEN-10 and KIDSCREEN-52 were similar and high in both the self and the parent report version (within analysis). However, correlation between the self and parent report version of the KIDSCREEN-10 and between corresponding scales of the KIDSCREEN-52 self and parent report version was of lower or similar magnitude at best \[[@CR7]\]. Likewise, correlation between KIDSCREEN-10 parent report and the (self-reported) measures used for convergent validation was rather low. These results indicate a lack of convergence between both the self and the proxy versions. These finding are in line with previous results showing at best correlation of 0.6 between children and parent-rated HRQoL \[[@CR5], [@CR32], [@CR33]\]. Previous studies found adolescents self-reports less positive about their health than parents reports \[[@CR32]\]. A qualitative study on the KIDSCREEN items found evidence to suggest that the low agreement between child self-reports and parent proxy reports is rooted in different reasoning and different response styles rather than different interpretation of item content/statements \[[@CR34]\]. Though parental proxy reports of their children's HRQoL should be considered carefully as a potential substitute for self-reported ratings \[[@CR35]\], it is widely recognized that self-reports and proxy reports both constitute important complementary information concerning children's health \[[@CR36]\]. This is especially important in younger children who might be less able to accurately report their own HRQoL \[[@CR37]\].

Although adolescents are considered to be more accurate reporters of their HRQoL, the parent proxy KIDSCREEN-10 provides HRQoL data that is largely comparable to that of younger children \[[@CR15]\]. This makes it possible to study the evolution of HRQOL across age groups and developmental stages in childhood and adolescence. Previous examinations on a longer KIDSCREEN-version showed the level of self and proxy agreement to depend on the country of origin \[[@CR33]\]. It is beyond the scope of this paper but an issue for future research to examine which factors influence the child proxy agreement in the KIDSCREEN-10.

Although other studies have shown that HRQOL instruments are capable of discriminating between children and adolescents in different socioeconomic categories \[[@CR38]\], the present study supports the idea that socioeconomic status might be more important for HRQoL in adolescents than in children. This finding contradicts the idea that in adolescence the increasing role of the peer group and the school environment reduces the effect of socioeconomic differences on HRQOL \[[@CR39]\]. The observed differences between younger and older responders have also been reported in previous HRQoL studies \[[@CR40]\], and the fact that the KIDSCREEN-10 confirms those differences supports its validity.

Limitations of the study included the fact that physical and mental health status were determined using self-report and parent report measures. This may be less reliable than using clinical records or clinical diagnoses to define children with physical and/or mental health conditions, and future studies should investigate the presence and size of differences in KIDSCREEN-10 scores when clinical diagnoses are used. Another study limitation was that sensitivity to change could not be tested due to the cross-sectional survey study design. This should be tested in future studies which might focus on testing the KIDSCREEN-10's sensitivity to change within a randomized longitudinal intervention study with a control-group. Another limitation is that the KIDSCREEN-10 items were embedded in the longer KIDSCREEN-27 and -52 instruments. While this in particular could lead to overestimate the association between both measures \[[@CR41]\], it is less likely that the KIDSCREEN-10 items are functioning in a different way if applied alone: A comparison of results issued from a stand alone application of the KIDSCREEN-10 revealed similar psychometric properties \[[@CR16]\]. The KIDSCREEN-10 was developed in one half of the sample that was used to conduct the validation analyses. This in particular could lead to overestimation of the correlation between the KIDSCREEN-10 and the original KIDSCREEN-52, the reliability and the validity because the reduction of the instrument incorporates the peculiarities of that sample. However, a repetition of the psychometric analyses using only that half of the sample that was not used for construction resulted in similar coefficients.

Regarding the observed cross-national differences, further in-deep research will be carried out to examine which cross-national aspects such as socioeconomic status, differences in school and social systems could contribute to explain these differences. Our results showed the KIDSCREEN-10 to be capable for measuring cross-cultural differences between the countries under study.

Conclusions {#Sec28}
===========

In summary, the KIDSCREEN-10 score for children and adolescents provides a short self-reported HRQoL and well-being measure for children and adolescents, which was easy to administer, score, and interpret and which has demonstrated reliability and validity. Correlations under 0.70 for most of the KIDCREEN-52 dimensions indicate that these are not quite as well represented by the new short KIDSCREEN score as is a common general HRQOL factor underlying the responses in the single KIDSCREEN-52 dimensions. Results on validity showed the KIDSCREEN-10 to achieve similar validity as the KIDSCREEN-27 for some but not all aspects tested. Both the KIDSCREEN-10 self-report and proxy versions could be useful in large scale population interview surveys or in other situations where a brief instrument is useful such as routine monitoring in clinical and school settings. The self-report version was in fact included as an optional package in the large Health Behavior in School-aged Children (HBSC) Study 2005/2006 carried out in 41 European and North American countries and Israel \[[@CR42]\]. More than a third of these countries applied the KIDSCREEN-10 \[[@CR16]\]. The KIDSCREEN-10 proxy version was also included in the European Commission's 2008 Flash EUROBAROMETER as an indicator for child and adolescent mental health issues \[[@CR43]\]. It may thus contribute to European policies and public health by providing information on children and adolescents' well-being and HRQoL both nationally and Europe-wide.
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